BY E U G E N I E S A M U E L R E I C H
A n epic victory over daunting challenges, or a costly project that should never have flown? After nearly half a century of work and US$750 million spent, Gravity Probe B, one of NASA's longestrunning mission programmes, has finally achieved some scientific closure. But it has yet to quiet its critics.
On 4 May, researchers released the results of a tortuous five-year data analysis that relied on the largesse of a Saudi funding agency to complete. The verdict, to be published in Physical Review Letters: Einstein was right. "I am both glad and relieved that we pulled this off, " says physicist Francis Everitt of Stanford University in California, who has led the effort since the beginning.
To some physicists, however, the real impact of Gravity Probe B is to illustrate why future missions should be ranked against competing proposals to improve the scientific return on investment. "I think there are a lot of lessons in this, " says Neil Cornish, a physicist at Montana State University in Bozeman, who has long been sceptical that the mission offered value for money.
First funded in 1963, Gravity Probe B relied on technology that was out of reach for decades. Finally launched in 2004, it carried four gyroscopes -made up of fused quartz balls coated with superconducting niobium that rotated up to 5,000 times per minute. Each ball produced a magnetic field, so that changes in their orientations relative to a guide star, IM Pegasi, could be measured. The point of the measurement was to confirm two predictions of general relativity. One is geodetic precession, in which the curvature of space-time around a massive object, such as Earth, induces a slight wobble in an orbiting gyroscope. Another, much smaller effect is gravitomagnetism, or frame-dragging, in which the spin of a massive object tugs space-time in the direction of its rotation, like a spoon twisted in honey (see ' A twist in space-time'). Gravity Probe B has confirmed the first effect to within 0.3% and the second to within 19%, Everitt says.
But geodetic precession had already been confirmed to nearly this level of accuracy in measurements of laser light bouncing off mirrors on the Moon, and the frame-dragging result is no more accurate than an estimate extracted from measurements of the precession of the orbits of the Laser Geodynamics Satellites (LAGEOS) launched in 1976 and 1992. Furthermore, Gravity Probe B's stated goal was to measure the effects to a precision of 0.01% and 1%, respectively.
Both of Gravity Probe B's results had to be carefully teased out of the data because of unexpected electrostatic effects discovered during the probe's 17-month mission that particularly swamped the frame-dragging signal. "It's a heroic rescue, " says Clifford Will of Washington University in St Louis, Missouri, the chair of Gravity Probe B's advisory board.
Others see the complexity of the calculations as a reason to doubt the probe's framedragging measurement. "It may be that people repeating this analysis with another working hypothesis on the nature of the systematic errors would get another result, " says Ignazio Ciufolini of the University of Salento in Lecce, Italy, who published the results from LAGEOS (I. Ciufolini and E. C. Pavlis Nature 431, 958-960; 2004) .
Conscious of previous confirmations of general relativity's effects, NASA convened an external panel in 1995 to assess whether
PHYSICS

Troubled probe upholds Einstein
General relativity vindicated, but was the mission worth it?
By the time Gravity Probe B (above) launched, its goals had largely been met by other projects.
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Gravity Probe B was still worthwhile. The panel gave the probe a green light, but it did not rank it against other possible missions. That was a mistake, says Cornish, because most well-conceived missions look useful when considered in isolation. "It is a waste of time to do reviews of a single mission, " he says. Everitt responds that Gravity Probe B was competitively reviewed numerous times during its development, but he acknowledges that, as a fundamental physics mission, it did not go through the same review process used to select astronomy missions.
In 2008, when researchers were analysing data from the flight, Cornish served on a review panel that ranked Gravity Probe B as the lowest of eight then-active missions in terms of science per dollar. In response, NASA took the remarkable step of cutting off funding for the probe before its results were in. But Stanford University, the prime contractor on the mission, succeeded in keeping the data analysis alive. Everitt and his team raised an additional $3.73 million from private sources, most of it from the Saudi science-funding agency King Abdulaziz City for Science and Technology (KACST), arranged through Turki Al Saud, a Saudi Arabian prince with a PhD from Stanford who is vice-president for research at the KACST.
Gravitation expert Bernard Schutz of the Max Planck Institute for Gravitational Physics in Potsdam, Germany, says he thinks that the mission was worthwhile because general relativity should be checked in a variety of ways. "The fact that they're getting the same thing is what we want in physics. I think it's fantastic, " he says. But he laments the delays to launching a dedicated satellite that would amount to a more precise version of LAGEOS, as proposed by Ciufolini in the 1980s."This could have been done a decade ago, " Schutz says.
The Laser Relativity Satellite (LARES), on which Ciufolini is principal investigator, will finally be launched this year by the Italian Space Agency. The team intends to measure frame-dragging with 1% precision by monitoring the precession of LARES's orbit. Its cost of about €4 million (US$5.7 million), not including launch, pales by comparison with that of Gravity Probe B. ■
BY E R I K A C H E C K H AY D E N
A spate of lab-associated Salmonella infections has swept across the United States during the past year, prompting public-health officials to examine how closely labs are following infection-prevention protocols.
"The fact that cases seem to be happening all over the country has raised the question of whether there are issues with laboratory safety and appropriate training techniques," says Mack Sewell, state epidemiologist at the New Mexico Department of Health in Santa Fe.
Between August 2010 and March this year, 73 infections due to Salmonella typhi murium, a relatively common strain of the bacterium, caused illness in people across 35 states and one death, the Centers for Disease Control and Prevention (CDC) in Atlanta, Georgia, reported on 28 April. The outbreak now seems to have ended, with the number of reported new infections dropping to the usual baseline of 0-4 per week, the CDC says.
The strain of Salmonella involved in the outbreak often causes food-borne illnesses and has been linked to past epidemics. But what sets this recent outbreak apart is that many of the illnesses have been traced back to clinical or teaching laboratories, according to the CDC report.
The agency conducted an in-depth investigation of 32 people made ill during the current outbreak, and found that 60% of them had had some connection with a microbiology laboratory in the week before their illness, compared with 2% of 64 people with other reported illnesses. The New Mexico Department of Health found that the outbreak strain was genetically identical to a commercially available strain used in some of the labs linked to ill workers or students. Furthermore, some victims of the illness reported working with Salmonella at the bench.
Laboratory-acquired infections are relatively common. One voluntary survey of 88 labs between 2002 and 2004 found that 33% had experienced at least one lab-acquired infection during that time, including six Salmonella infections (E. J. Baron and J. M. Miller Diagn. Microbiol. Infect. Dis. 60, 241-246; 2008) . In 2008, the CDC convened a panel to look into the incidence of laboratory-acquired Salmonella infections; it has not yet released a report.
But it is unusual for lab-acquired infections to crop up across the country, and the CDC is investigating how this may have happened, in part by surveying the biosafety practices of members of the American Society for Microbiology, based in Washington DC, and the Association of Public Health Laboratories in Silver Spring, Maryland.
The CDC is also concerned because some of those made ill in the outbreak, such as young children, had never visited a lab but lived with someone who worked in a lab and did not get sick. This suggests that the lab worker carried the pathogenic bacteria home on bags, clothes or other objects, says the CDC's Casey Barton Behravesh. And it raises the question of whether use of this pathogenic Salmonella strain in teaching labs is necessary.
"We are wondering whether there is a nonpathogenic or attenuated strain of Salmonella that could be used in place of this one, " Barton Behravesh says.
For now, public-health officials are advising all lab workers to be more careful about observing proper biosafety procedures. Recalling a memorable lesson imparted by his own professor, Sewell suggests one way to cement the importance of those precautions: "He told us that anyone who catches something they're working with gets an automatic 'F' ." ■
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Wave of infections triggers investigation into biosafety practices. A TWIST IN SPACE-TIME Gravity Probe B con rmed key predictions of general relativity by measuring two tiny shifts in the spin axis of its gyroscopes.
